The fatty acid distribution, proximate composition, physicochemical characteristics and levels (ppm) of selected trace metals (Fe, Mn, Cu, Pb, Cd and Zn) and macro nutrients (Na, K, Mg and Ca) were determined in the seeds and seed oils of D. regia and P. pterocarpum. The oil yield was found to be 7.0% in D. regia and 8.10% in P. pterocarpum. D. regia has a higher carbohydrate content (39.5%) than P. pterocarpum (38.3%). The crude protein is high, 45.2% for D. regia and 44.1% for P. pterocarpum. Neutral lipids were the dominant lipid fraction in the oils with linoleic as the most abundant fatty acid in both the oils. Hydrocarbons, stigmasterol, phytol, sitosterol, ergost-4-en-3-one and ergost-5-en-3-ol were identified in the unsaponifiables of these oils. The physicochemical characterization as well as the fatty acid profile of the oils suggests good industrial application of these oils.
Introduction
Seed oils represent one of the largest key materials that can be obtained from biomass and cheaply processed. They are of nutritional, industrial and pharmaceutical importance. The characteristics of oils from different sources depend mainly on their compositions and no oil from a single source can be suitable for all purposes (Schneider, 2001) . The utility of any particular oil depends upon chemical and physicochemical properties of the oil, which is determined by the composition of the constituent fatty acids (Gouvei et al., 2004) . These fatty acids are distributed in different proportion in the lipid classes of seed oils. It is important to know the ratio of distribution of these fatty acids in the neutral lipids as well as the complex lipid fractions.
Delonix regia (Caesalpinioideae) is a tree which is about 12 m high with a wide slightly flat or curving crown. Seeding is abundant and germination is free. The flowers are usually rich red but sometimes bear paler orange red flowers and flowering is spontaneos over the whole crown making it one of the most spectacular flowering trees of the tropics. Peltophorum pterocarpum (Caesalpinioideae) is also a tree which is about 24 m high with a dense spreading crown bearing constrasting clusters of yellow flowers and reddish brown pods. It is very suitable as a shade-tree in gardens, roadside and coffee plantation. Propagation by seed is slow but germination can be accelerated by seed treatment (Burkill, 1995) .
There is scanty information on the properties and the compositions of the oils from D. regia and P. pterocarpum from literature. Therefore, there is need to research into this in order to achieve the optimum utilization of these seed oils. In response to these needs, these two seeds and their oils which are of Nigeria origin were investigated for their nutritional element constituents, physicochemical characterizations and fatty acid distributions.
Materials and Methods
Materials The seed samples were obtained from the garden of the University of Ibadan, Oyo state, Nigeria. They were identified at the herbarium unit, Botany Department University of Ibadan. The whole seed was subsequently ground in a laboratory mill (Gallenkamph, 82942, Brit. Pat, England) and stored in a plastic bag at 4℃ prior to analysis. Silica gel (60/120 mesh) was purchased from Acme Synthesis Chemicals, Mumbai, India. This was further activated by Separation of lipid fractions of the seed oils of D. regia and P. pterocarpum Lipid fractions of the oils of D. regia and P. pterocarpum were separated on a 1 g scale into neutral lipids, glycolipids and phospholipids by silica gel column chromatography using a glass column 20 cm × 2 cm OD packed with 30 g activated silica gel (60/120 mesh). Neutral lipids, glycolipids and phospholipids were eluted successively using chloroform (4000 mL), acetone (850 mL) and methanol (500 mL), respectively. The lipid fractions were screened by TLC for the identification of components using n-hexane/ethyl acetate (90:10, by vol.) as developing solvent for neutral lipids, chloroform/methanol/water (65:25:4, by vol.) for glycolipids and phospholipids (Christie, 1982) . The eluted spots were identified using different spray reagents such as iodine vapors for neutral lipids, ammonium molybdate/perchloric acid for phospholipids and α-naphthol (Jacin and Mishkin, 1965) for glycolipids. The individual fractions were pooled, distilled under vacuum to remove solvent and weighed for quantification. The individual lipid fractions were converted into fatty acid methyl esters by refluxing with 2% methanol sulphuric acid for 4 h. The esters were extracted into ethyl acetate, washed with distilled water and dried over anhydrous sodium sulphate and the fatty acid profile was analyzed using GC as described above.
Isolation of unsaponifiables of the seed oils of D. regia and P. pterocarpum Oil (2 g) was dissolved in 25 mL of 2 M ethanolic potassium hydroxide and refluxed for 1 h. The reaction mixture was later diluted to 150 mL with distilled water and transferred into a separating funnel. The unsaponifiable matter was then extracted three times with 50 mL diethylether. The ether extract was first washed with 100 mL aqueous solution of 0.5 M potassium hydroxide in order to remove any residual fatty acids. This was further washed with distilled water until it was free of potassium hydroxide, dried over anhydrous sodium sulphate and concentrated using a rotary evaporator (Esuoso and Odetokun, 1995) . The unsaponifiables were identified by GC-MS analysis using Agilent (Palo Alto, USA) 6890N gas chromatography equipped with an HP-1 MS capillary column connected to an Agilent 5973 mass spectrometer operating in the EI mode (70 ev; m/z 50-550; source temperature 230℃ and quadruple temperature 150℃). Structural assignments were made based on interpretation of mass spectrometric fragmentation and confirmation by comparism of retention time as well as fragmentation pattern of authentic compounds and the spectral data obtained from the Wiley and NIST libraries.
Statistical analysis All data were analyzed by one-way ANOVA (P < 0.05) and least significant differences between treatment means were determined by Duncan's multiplerange test (P < 0.05) (Duncan, 1955) .
heating in an air oven at 110℃ for 2 h. before being used for column chromatography. All solvents and chemicals used in this study were of analytical grade and were purchased from S.D. Fine Chemicals, Mumbai. Silica coated TLC plates (20 × 20 cm) were procured from Sigma-Aldrich, Hyderabad, India.
Extraction and physicochemical analysis of the oils of D. regia and P. pterocarpum Oil was extracted from D. regia and P. pterocarpum seeds using soxhlet extractor with nhexane for 10 h. (Ajayi et al., 2004) . The extracted oils were analyzed for iodine value, peroxide value, saponification value, free fatty acid and unsaponifiable matter by method described by the Association of Official Analytical Chemist (AOAC, 1984) . The refractive indices of the oils (25℃) were determined with Abbe refractometer (Oderinde and Ajayi, 2000) and the specific gravity measurements were also carried out at 25℃ using gravity bottles (Akintayo and Bayer, 2002) .
Fatty acid composition of the oils of D. regia and P. pterocarpum Fatty acid methyl esters of both the oils were prepared by refluxing the samples at 80℃ for 4 h. in 2% sulphuric acid in methanol. The esters were extracted into ethyl acetate, washed free of acid and passed over anhydrous sodium sulphate. The ethyl acetate extracts were further concentrated using a rotary evaporator. The fatty acid composition was analyzed using an Agilent 6890 N series gas chromatography equipped with FID detector on a split injector. A fused silica capillary column (DB-225, 30m × 0.32m i.d., J & W Scientifics, USA) was used with the injector and detector temperature maintained at 230℃ and 250℃, respectively. The oven temperature was programmed at 160℃ for 2 min and finally increased to 230℃ at 4℃/min. The carrier gas was nitrogen at a flow rate of 1.5 mL/min. The area percentages were recorded with a standard Chemstation Data System.
Proximate analysis of the seeds of D. regia and P. pterocarpum Proximate analysis of the seeds of D. regia and P. pterocarpum was carried out as described by the Association of Official Analytical Chemist (AOAC, 1990) .
Mineral determination of the seeds and seed oils of D. regia and P. pterocarpum Metals determined were lead, cadmium, copper, zinc, iron, magnesium, calcium, sodium, potassium and manganese. The seed samples (0.5 g) as well as the extracted seed oils (0.5 g) of D. regia and P. pterocarpum were taken separately for analysis. This was achieved by digesting the samples using 5 mL (2:1) of nitric acid (70 % concentration) and perchloric acid (90 % concentration) (Oderinde et al., 2008) . These metals were analyzed by atomic absorption spectrophotometry (Perkin-Elmer, GMBH, Ueberlingen, Germany).
in the compounding of animal feeds (Abighor et al., 1997) .
Physicochemical properties of the oils of D. regia and P. pterocarpum There is significant difference (P ≤ 0.05) between D. regia and P. pterocarpum in all the values obtained except for unsaponifiable matter and specific gravity as shown in Table 2 . D. regia is light brown in color while P. pterocarpum is light yellow. The free fatty acid of D. regia is 10.4%, while that of PP is 2.9%. The saponification values were found to be 195.4 and 197.5 mg KOH/g in D. regia and P. pterocarpum, respectively. The high iodine value of 127.7 g iodine/100 g (D. regia) and fairly high 96.5 g iodine/100 g (P. pterocarpum) indicates the preponderance of unsaturated fatty acids. This value could be used to quantify the amount of double bonds present in the oil. The unsaponifiable matters were found to be 1.66% for D. regia and 0.48% for P. pterocarpum.
Lipid fractions and their fatty acid composition in D. regia and P. pterocarpum The percentages of lipid fractions present in the oils are shown in Table 3 , and the fatty acid composition is presented in Table 4 . Neutral lipids are the major constituent of these oils and are higher in P. pterocarpum (84.5%) than in D. regia (80.2%). Glycolipids were
Results and Discussion
Proximate composition of the seeds of D. regia and P. pterocarpum The proximate composition of D. regia and P. pterocarpum is presented in Table 1 . The crude fat content was found to be 7.0% in D. regia and 8.1% in P. pterocarpum. The ash content of these studied seeds was obtained to be 2.4% for D. regia and 2.1% for P. pterocarpum. This is an index for the quality of feeding materials used for poultry and cattle feeding, already established by Pomeranz and Clifton (1981) . The moisture content found in D. regia (2.2%) is lower than that of P. pterocarpum (2.3%). The crude protein is high, 45.2% for D. regia and 44.1% for P. pterocarpum. This value corresponds with those for similar legumes (Bressani, 2002) .
The crude fibre content of P. pterocarpum (5.1%) is higher than that of D. regia (3.8%) and this result compared favorably with those reported for commonly cultivated pulses, such as chick pea and horse gram (Premakumari et al., 1984) . The carbohydrate content of the seeds is fairly high. D. regia has a higher carbohydrate content (39.5%) than P. pterocarpum (38.3%). The values of the ash, crude fibre and carbohydrate contents of these seeds indicate their suitability Chemical Composition of Seed Oils 
Lipid class D. regia P. pterocarpum
Neutral lipids 80.2 ± 0.5 84.5 ± 0.4 Glycolipids 13.6 ± 0.1 11.0 ± 0.5 Phospholipids 6.2 ± 0.5 5.5 ± 0.1
Values are mean ± standard deviation of triplicate determinations. shown in Table 5 . It was found mainly in the neutral lipids of the oils. It was also found considerably high in the phospholipids. Linolenic acid was only obtained in the neutral lipids of P. pterocarpum but not detected in the glycolipids and the phospholipids. C24:1 was found higher in the glycolipids of P. pterocarpum than in its neutral lipids. Palmitoleic acid, C20:1 and C24:1 were not detected in any of the lipid fractions of D. regia. In both D. regia and P. pterocarpum, the neutral lipids have the highest amount of stearic acid, linoleic and lignoceric acid when compared with glycolipids and the phospholipids. The phospholipids of both oils are rich in oleic acid and palmitic acid.
Compositions present in the unsaponifiable matters of D. regia and P. pterocarpum The unsaponifiable matter content of D. regia is higher than that of P. pterocarpum as shown in Table 2 . The identified unsaponifiable matters revealed the presence of hydrocarbons and sterols in both P. pterocarpum and D. regia. Stigmasterols which are used as precursor in the synthesis of progesterone are present in both D. regia and P. pterocarpum. Phytol which is a precursor for vitamins E and K 1 was identified only in P. pterocarpum. They are used in the synthesis of these important vitamins. The result of the GC-MS also shows the presence of ergost-5-en-3-ol in P. pterocarpum. Compounds identified in D. regia includes; hydrocarbons, ergost-5-en-3-ol, sitosterol and ergost-4-en-3-one.
Metal composition of the seeds and oils of D. regia and P. pterocarpum The results of the nutritional and trace metal composition of the seeds and oils of D. regia and P. ptero-obtained to be 13.6% in D. regia and 11.0% in P. pterocarpum. They serve as markers for cellular recognition (Christie, 1982) . The phospholipids are also an important class of the complex lipids. They vary in types and their amphiphilic property makes them very important. It was found to be 6.2% in D. regia and 5.5% in P. pterocarpum. These results revealed that neutral lipids are predominant followed by glycolipids and finally phospholipids.
Fatty acid composition of D. regia and P. pterocarpum seed oils Linoleic acid (C18:2) is the predominant fatty acid in these seed oils and was obtained to be 58.7% in D. regia and 42.3% in P. pterocarpum. The composition of this essential fatty acid in these seed oils is higher than that of sesame oil, canola oil, peanut oil, rice bran oil and pistachio oil (Darmstadt et al., 2002) . Oleic acid (C18:1) was found to be 21.1% in P. pterocarpum but lower in D. regia (9.3%). The presence of unsaturated fatty acids reflects in the total unsaturation of D. regia which is 69.6% while that of P. pterocarpum is 66.20%. This high unsaturation value was also noted in the iodine value of these oils as that of D. regia was found to be 127.7 g iodine/100 g while that of P. pterocarpum was found to be 96.5 g iodine/100 g as presented in Table 2 . Palmitic acid (C16:0) was found to be 13.1% in D. regia and 19.2% in P. pterocarpum while stearic acid (C18:0) was found to 12.1% and 9.6% in D. regia and P. pterocarpum respectively.
Fatty acid compositions in the different lipid fractions of D. regia and P. pterocarpum Linoleic acid was the major fatty acid distributed across the lipid fractions of these oils as a. adeWuyi et al. lipids in the oils and the comparison of the fatty acid composition showed that the neutral lipids contain high linoleic than the other lipid fractions.
carpum are presented in Table 6 . A total of 10 elements (Na, K, Ca, Mg, Fe, Cu, Zn, Mn, Cd and Pb) were determined in the seeds of D. regia and P. pterocarpum and also from their oils by Atomic Absorption Spectrophotometry (AAS). This study shows that these seeds and their oils are rich in Na, K, Ca, Mg and Fe. The concentrations of the macro nutritional elements obtained in these seeds shows no significant difference (P ≤ 0.05) between them except for the trace elements. There is significant difference (P ≤ 0.05) in the values obtained in the oils of the two seeds except for Na and Ca. Potassium was the most abundant mineral in the seeds and oils while copper was the least. The concentration of Zn ranges between 40 to 64 ppm in the seeds and between 15 to 27 ppm in the oils. These values are within the range reported for agricultural products (Allaway and Bowen, 1968) . Mg was also found to be fairly high in the seeds and oils, the value ranges from 48 to 101 ppm. Mg and Zn have an important role in the metabolism of cholesterol as well as heart diseases (Hambidge, 2007) . Deficiency or excess Cu, Mn, Zn, Ca, Mg and K may cause a number of disorders; they also take part in neurochemical transmission and also as a cofactor for various enzymes and in variety of different metabolic processes (Oderinde and Ajayi, 1998) . Pb and Cd were not detected in the seed and oil of D. regia. However, Cd was found in trace amount in the seed of P. pterocarpum which was not detected in the oil.
Conclusion
In conclusion, the present study has shown the fatty acid profile, physicochemical characteristics and levels (ppm) of selected trace metals (Fe, Mn, Cu, Pb, Cd and Zn) and macro nutrients (Na, K, Mg and Ca) in the seeds and seed oils of D. regia and P. pterocarpum. Neutral lipids are the dominant Chemical Composition of Seed Oils 
